Partially hepatectomized mice were injected with inducers of interferon, and the mitotic activity of liver cells was measured. The inducers were polyriboinosinic * polyribocytidylic acid, poly(I * C), Newcastle disease virus, and statolon. Each inhibited the mitosis of liver cells. Poly(I-C) was effective in doses as low as 1 ug per mouse. Polyriboinosinic acid, poly(I), had no inhibitory effect. These results extend the spectrum of action of inducers of interferon to inhibition of mitotic division of an aneoplastic, nonaneuploid mammalian cell.
The possibility that interferon and its inducers might inhibit the multiplication of mammalian cells has often been considered. Protection against transplantable tumors has been achieved with interferon (1) and its inducers (2) , and chemically induced tumorigenesis has been inhibited by poly(I -C) (3) . However, mechanisms other than direct inhibition of multiplication of tumor cells, such as enhancement of immune responses or other indirect effects exerted through the host, could have been involved. Studies of the effects of interferon on cell cultures have been complicated by the unavailability of pure preparations of interferon, since the impurities might have growth-inhibitory effects. Initial reports of such studies were conflicting (4) , but recent experiments with preparations derived from various sources suggest that interferon may inhibit multiplication of an established mouse tumor cell line (5) . Isoproterenol-induced DNA synthesis in salivary-gland epithelium was inhibited by poly(I* C) (6) , but it was not stated whether other inducers of interferon were capable of the same effect. It was also not known whether poly(I .C) was effective only against isoproterenol-induced DNA synthesis, or whether it had a more general inhibitory effect on the division of normal cells.
We have now studied the effect of several inducers of interferon on the mitotic division of liver cells that is stimulated by partial hepatectomy; we find that division of such cells is inhibited.
MATERIALS AND METHODS Hepatectomy
7-week-old, female, CF1 mice (Carworth farms), weighing 19-23 g, were anesthetized with-sodium pentobarbital (0.6 mg/mouse) given intraperitoneally, supplemented by inhalation of ether. Ligatures were tied around the left lateral and median lobes of the liver and most of the median lobe and two-thirds of the left lateral lobe were removed and weighed. The total liver weight (determined in other mice of the same age and weight) ranged from 1.1 to 1.7 g. The portion of liver removed usually weighed from 0.6 to 0.85 g. Mice were matched after hepatectomy so that median weights and ranges of weight of excised liver were nearly equal in all groups of the same experiment.
Measurement of mitotic activity
Mice were killed by cervical dislocation. Specimens from the right lateral lobe of the liver were fixed in Carnoy's solution and sections were stained with hematoxylin and eosin. The mitotic nuclei and interphase nuclei of the parenchymal cells were enumerated with the help of an ocular grid and the ratio of the number of mitotic nuclei to the total number of nuclei was computed. In some experiments, colchicine USP (7) (60 ug per mouse) was injected intraperitoneally 6-7 hr before autopsy in order to facilitate the counts. Over 99% of mitotic nuclei (exclusive of prophase) were arrested in metaphase and the chromosomes were dispersed (C-metaphase). The mitotic nuclei and interphase nuclei of colchicinetreated mice were counted at a magnification of X250. In early experiments, the nuclei were counted in three randomly selected fields; the total number per field ranged from 150 to 300. In later experiments, nuclei were counted in four to six fields and the count was stopped when the total number was 1000. When colchicine was not given, counts were made at a magnification of X450. Nuclei were counted in 10-20 randomly selected fields and the count was stopped when the total number was 1000.
Inducers of interferon
The double-stranded synthetic RNA, poly(I 0) (8) give a 1% solution in phosphate-buffered saline, pH 7 (0.15 M NaCl and 6.7 mM phosphate buffer) and was used within 1 hr. Statolon (9) was obtained from Dr. W. J. Kleinschmidt of Eli Lilly Co., as a powder containing 60% dextrose, 30% (NH4)2CO3, and 10% of active ingredient (lot no. 354-940B-247). It was dissolved in 1% NaHCO3 and was used within 1 hr. A pool of the Hickman strain of Newcastle Disease Virus (NDV), with a titer of 5 X 109 plaque-forming units (PFU) per ml (assayed in chick embryo cell culture), was obtained from Dr. Jan Vilcek. The methods for harvest of NDVcontaining allantoic fluid and for titration of NDV have been described (10) . Polyinosinic acid, poly(I) (8) Statolon, poly(I C), and poly(J) were injected intraperitoneally, and NDV intravenously, in volumes of 0.1 or 0.2 ml. RESULTS The relation of the mitotic activity of liver cells to the interval between partial hepatectomy and death, and the effect of poly(I -C) on this activity, were studied in five experiments ( Table 1) . Groups of the mice were killed at intervals, 6 hr after injection of colchicine. The frequency of occurrence of liver-cell nuclei arrested in mitosis by colchicine during the 6 hr preceding death was recorded. Among the mice that had not received poly(I .C), it began to rise in the group killed 31 hr after hepatectomy, it was greatest in the groups killed at 54 hr, and it decreased in those killed after 72 hr. There was marked inhibition of the mitotic response in all groups receiving poly(I .C).
The results of experiments in which mice were given poly (I -C) (100 4g/mouse, i.e., about 5 mg/kg), NDV then were killed 54 hr after hepatectomy, are shown in Table  2 . Each of the inducers exerted a reproducible, and highly significant, inhibitory effect on the mitotic response.
In order to find out whether the inhibition of mitosis was caused by a synergistic action of the inducers with colchicine, and whether it was an effect of the inducers unrelated to their interferon-inducing activity, we injected groups of mice with poly(I-C) or with poly(I) [which gives rise to little or no interferon in mice in vivo (8) ] 24 hr after partial hepatectomy. These mice were not given colchicine and, with the uninjected controls, were killed 51 hr after hepatectomy (Table 3 ). The inhibitory effect of poly(I .C) in mice that had not received colchicine was the same as in mice that had received colchicine 6 hr before death (Tables 2 and 3 ). There was no significant reduction in mitotic activity in mice injected with poly(I).
The mitotic response was significantly inhibited with doses of poly(I-C) as low as 1 ,ug per mouse (Table 4 ).
DISCUSSION
The results show that inducers of interferon inhibit the division of a nonneoplastic, nonaneuploid mammalian cell. Inhibition of hepatectomy-induced mitosis of liver cells is not limited to a single inducer of interferon, but can be obtained with several inducers of different origin. The only common component in the three inducers is ribonucleic acid [doublestranded in statolon (9) and in poly(I -C), and single-stranded Poly(I -C) was injected 24 hr after partial hepatectomy. The mice were killed 54-55 hr after hepatectomy and 6-7 hr after injection of colchicine. The results of two replicate experiments (nos. 4 t This group received 0.2 ml of phosphate-buffered saline, intraperitoneally.
in NDV]. The inhibition is not due to mere administration of nucleotides, since it is not obtained with poly(I). These considerations, together with the facts that poly(I) induces little or no interferon in mice in vivo (8) , and that the range of doses of poly(I C) inhibitory to liver-cell mitosis is comparable to that with which interferon can be induced (8) , are in accord with the following hypotheses: (a) the inhibition is mediated by interferon; (b) the inhibition of mitosis and the induction of interferon are both closely associated effects of the inducers, possibly having a common initial step; or (c) the ribonucleic acids of the three inducers have common features associated with the capacity to inhibit mitosis of liver cells. The mechanism of inhibition of hepatectomy-induced mitosis of liver cells by inducers of interferon is not likely to involve the antiviral, immune-response-enhancing, or macrophage-activating effects of the inducers (11) , since there is no evidence that a virus or an immune response is involved in liver regeneration, or that the activation of Kupfer cells observed after partial hepatectomy (12) , plays a role in the stimulation of mitosis. A direct action of the inducers (or of the interferon they induce) on liver cells is more likely. Inhibition of mitosis was not due to an effect on a step occurring early after hepatectomy, since inhibition was exerted when the inducers were given 24 hr after hepatectomy. The wave of mitotic divisions after hepatectomy usually takes place within 12 hr after the peak synthesis of DNA (12) . When the wave of mitotic divisions occurred about 48 hr after hepatectomy, the rise in specific activity of DNA after injection of tritiated thymidine was steepest from 36 to 42 hr after hepatectomy (13) . Our findings are, therefore, compatible with the hypothesis that the inhibition of mitosis is due to inhibition of the synthesis of DNA. This would agree with the reported inhibition of the synthesis of DNA in isoproterenolstimulated salivary epithelium by poly(I .0) (6) . Our findings are also compatible with an inhibition of a step occurring after synthesis of DNA and necessary for cell division.
In attempts to relate the inhibiting effect of inducers of interferon on liver-cell division to their other effects, the nature of the inducer and its dose should be considered. The lethal effect of poly(I .C) in mice requires doses of about 500 pg per mouse (14) and signs of general toxicity, such as ruffled fur or behavioral change, require doses greater than or equal to 100 ,ug in our strain (Jahiel, unpublished observations From the viewpoint of experimental therapeutics, the present experiments show that inhibition of certain types of post-embryonic cell division should be looked for in investigations of the harmful side effects of the inducers of interferon. On the other hand, the inducers might be capable of limiting excessive or undesirable multiplication of cells, for instance in hyperplastic changes or precancerous cell proliferation.
